This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial-NoDerivs 3.0 License (www.karger.com/OA-license), applicable to the online version of the article only. Distribution for non-commercial purposes only. quantitative PCR during co-culture. Hepatic stellate cells from eGFP + rats were transplanted into lethally irradiated wild type rats. Results: Desmin-expressing stellate cells were associated with hematopoietic sites in the fetal rat liver. Hepatic stellate cells expressed MSC markers and were able to differentiate into adipocytes and osteocytes in vitro. Stellate cells supported hematopoietic stem/progenitor cells during co-culture similar to bone marrow MSC, but failed to differentiate into blood cell lineages after transplantation. Conclusion: Hepatic stellate differentiation into adipocytes or osteocytes and support of hematopoiesis.
Introduction
In adult mammals, hematopoietic stem cells are localized in endosteal and perivascular regions of the bone marrow [1, 2] . They are in close contact with osteoblasts, endothelial cells, nestin unique microenvironment called niche to support their maintenance and to control their recruitment, proliferation and development [1] [2] [3] [4] . Nestin + MSC contribute to this niche through interaction with the sympathetic nervous system and release of cytokines such as angiopoietin 1 and their depletion rapidly reduces the hematopoietic stem cell content of the bone marrow [4] . Such an interaction may also be expected in the liver during fetal development or when the bone marrow fails to provide an adequate environment in diseases migrating hematopoietic stem cells. First attempts were made to unravel a supportive function of fetal liver stromal cells such as the murine cell line AFT024 in maintaining primitive human hematopoietic cells [5, 6] , but the liver cell type involved in blood formation to hematopoietic cells in the fetal liver [7] and hepatic stellate cells, which express desmin, were supposed to be involved in blood formation support [8] , but experimental evidence was not provided yet. Stellate cells have characteristics of stem/progenitor cells [9, 10] , which further suggests that they could play a role in extramedullary hematopoiesis. The aim of the present study was to unravel the role of hepatic stellate cells in this process. It was tested, whether stellate cells can support hematopoietic stem cells similar to bone marrow MSC. This was analyzed by co-culture experiments using hepatic stellate cells or bone marrow MSC of rats with murine stem cell antigen-1 + (SCA1 + ) hematopoietic stem cells. SCA1
differentiation. In contrast to this, the transcription factor GATA1 is mainly expressed by cells of the hematopoietic system and increases during development of hematopoietic stem of SCA1 and GATA1 can be used to identify early or lineage-restricted hematopoietic stem/ progenitor cells, respectively.
Materials and Methods

Cell sources and cultures
Hepatic stellate cells were isolated from adult male Wistar rats, which were obtained from the local breeding colony. Owing to their high lipid content, the stellate cells were enriched by density gradient centrifugation (8% Nycodenz; Nycomed Pharma, Oslo, Norway) after enzymatic digestion of the liver essentially as described [13] . Isolated stellate cells (1 million per 6 cm culture dish) were cultured in 15% FCS (FCS Gold; PAA Laboratories) and 1% antibiotic/antimycotic solution (Gibco; 100x) (about 1 million cells per ml). In order to enhance cell colony formation 20 ng/ml of + cell suspension in methylcellulose medium were added to different cultures of hepatic cell types and bone marrow MSC. Hepatic stellate cells were cultured for 3-6
Cell differentiation In vitro
The development of isolated rat hepatic stellate cells into osteocytes was investigated with the OsteoPrime Isolated cells or cryosections of the fetal (18-20 days post coitum) and adult rat liver with ice-cold methanol for 5 minutes or formalin for 15 minutes and incubated with antibodies against ), plateletBiotechnology) for labelled antibodies against mouse, rabbit or goat immunoglobulins (Millipore). The cell nuclei were labelled (Carl Zeiss GmbH, Jena, Germany).
Cytochemistry
Western blot analysis
Immunoblots of whole cell lysates were analyzed according to standard protocols. Primary antibodies 
Results
Stellate cells in the fetal liver
If hepatic stellate cells support blood formation, they should be detectable at sites of 
Comparison of hepatic stellate cells and bone marrow MSC
To verify the hypothesis that hepatic stellate cells could represent supportive stromal marrow MSC and freshly isolated (1 day) as well as cultured (7 days) hepatic stellate cells.
level in both hepatic stellate cells and bone marrow MSC. Moreover, the expression of the stellate cells and bone marrow MSC during culture, demonstrating remarkable similarities between both cell populations ( Fig. 2A) . numbers measured in no template controls (NTC; not shown). SCA1 + hematopoietic stem cells were unable to form cell colonies in the absence of feeder cells even in the presence + hematopoietic stem cells were cultured on rat hepatic stellate cells as feeder cells, many cell colonies appeared above the stellate cell lower compared to the stellate cell feeder layers, whereas mouse GATA1 expression was feeder cells in the presence of cytokines (Fig. 5G) . It was also tested, if hepatic stellate cells can principally contribute to blood cell formation through differentiation into hematopoietic cell lineages. This was investigated by transplantation of freshly isolated eGFP + hepatic stellate cells (Fig. 7A ) into lethally irradiated wild type rats. Prior to this, the reconstitution of blood formation after lethal irradiation was established with unsorted eGFP + bone marrow cells (Fig. 7B) , which are known to contain hematopoietic stem cells. Hematopoietic stem cells have the potential to differentiate into blood cell lineages. Bone marrow cells from eGFP + rats were transplanted into 5 lethally irradiated wild type rats and 3 of the host animals survived (Fig. 7C) . The eGFP after lethal irradiation, indicating that the blood formation was successfully reconstituted by transplanted eGFP + + hepatic stellate cells were transplanted into 7 lethally irradiated rats. Only one animal survived as indicated + hepatic stellate cells did not differentiate into blood cell lineages in these experiments. Therefore, hepatic stellate cells possibly exerted their supportive effects on hematopoiesis colony-stimulating factor (GM-CSF) and granulocyte colony-stimulating factor (G-CSF) were after lethal irradiation of rats, which received unsorted eGFP + irradiation after transplantation of eGFP + hepatic stellate cells. [7] . A differentiation of hepatic stellate cells into blood cell lineages was not observed after their transplantation into lethally irradiated rats, but they supported the maintenance, expansion and further development of SCA1 + hematopoietic stem cells. This occurs probably through the release of cytokines example is known to be produced by hepatic stellate cells and was recently described to be [3, 4, [21] [22] [23] . Furthermore, bone marrow MSC and hepatic stellate cells can be activated by external stimuli such as hypoxia and release cytokines like vascular endothelial growth factor, hepatocyte growth factor, angiopoietins and insulin-like growth factors, in order to modulate the behavior of other cell types such as endothelial cells [24] [25] [26] [27] [28] . In addition to these modulatory effects, stellate cells can also differentiate into adipocytes and osteocytes in vitro as demonstrated in this study, which the stem cell character of stellate cells. This developmental potential is in agreement with a quiescent hepatic stellate cells at a low level, but their synthesis increases during activation of stellate cells in culture. This may explain why stellate cells were overlooked as liverresident MSC in the past. The presence of the astroglial marker GFAP at the protein level and the storage of retinoids in lipid vesicles is normally not observed in isolated bone marrow MSC and may also impede the recognition of hepatic stellate cells as MSC. Similar to hepatic stellate cells, the undifferentiated state of bone marrow MSC can be preserved by retinoids but also occurs in stellate cells and bone marrow MSC [9, 33, 34] , showing decreased expression in both cells with culture [20, 33, 34] .
In conclusion, hepatic stellate cells display the expression pattern and exert functions of potential side-effects on hematopoiesis. 
